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(54) S§Ma)«f*: Tf'>r7K^-^7T>S#<*S§3S*J«lSlJ 

(57) Abstract: By using mice under fasting and re-feeding, it is clarified that AdipoRl/R2 are regulatory factors for the metabolic 
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857-868 

[0005] :^mm(Dmmi^. m—ia^. rf^^^^^^^^^i^ (AdipoRl:Jo j;U?AdipoR2) (D 

[0006] :Ltlh(Dm^^i^^^^^<. ^mm^hit. i^Tm^Xnm^ (refeeding) ^l^^SLT-e 
(DAdipoRl*5j;TJ?AdipoR2(D^^:^3 J; W^-JT^y^-l/^/V^, -^^^^^rffl V ^T^^ftb/c 
o ^:t:*5it/S^§:t{-J:oT. -^e7:^AdipoRi/R2(D^mf*^ ^iue^i-^^kbfco *fcfl 
AdipoRl/R2^ii.(D^^bf*. in vivoiZ^n^skm'^^^y^V>'\^^/^tj^<D^mm^K 

[0007] 7jkK. streptozotocin(STZ)Ma{^J;'9-r>^^y^^^^$-1i:/c^7^Vv(##rF^S^18 
) lCl*5(t^AdipoRl/R2CD^m^^^bfCo STZmMKXoX. -^"^^^COJif li. 
. JigJtej|i.S^<^AdipoRl/R2 mRNAU^Mtm^i^i^Bfi^in. ;6^o, ^(Di^^fil^^l^:^ 

J!^cti(7)AdipoRl/R2 mRNA^WJ^^^^^t^. in vitro(D^-effit^b/Co 

[0008] flE«M3*-r>^;^y «-r^;^y ^jfiLS^7^> (ob/ob-^"^;^) ^ffl v ^ 

(DAdipoRl/R2(D^mSr^^Wbfc^^^. ob/ob-^-^^^^-Cf*. ^^*5j;U?J!IJtem^(-*5 
V^-C. AdipoRl/R2^Ji,dS^b<'(STb-CV^S^i:^S^$tvfCo ^fc. T^V*°^i^^i/ 

[0009] _h37fi(7)Mm;^>^t>. -r^:^y>^:d5TT'^^^-:^^^^^^^(^^mi^^/^^T7'V^^^ 
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[0010] ^hiZ.^mm^h\^. 4>':^V>iZ.X^AdipoRl/R2m^^mmM{i^?^^^y<J>^i^-^ 
V^T^>^^^lf^^^fCo PIS-^-^— eV^^tt^^J^— (DLY294002{*. 4 

mitogen-activated protein^^— if^tt^k^^^tlf ^5?— -efc§PD98059{i , ^>-;^y V 

[0011] -^tzjfmm^hu. 4>^:^'Mcx^Tv'^yi<^^^^'^^m^w^mmmm^mu pi3- 
m^i-i'^^m\^m^mmmm^ti^t(D^H.^mhtix\^^^o AdipoRi/ 

C2C 12|PIJ|^t5^ Kh=7:y:^y^i^hl^. $ ^ {-^IfflJia^^-f ^'^^y ^^^SlbTAdipoRl /R2 
C>^m^1i^bfCo ■?:<?5|^m> FoxoU*AdipoRl/'R2CO^m^i^5llb. ^^-^^U^/f* 

[0012] i^mtvx^ ^mM^hKX-ox^ -r^;^y>':^6^iai^-ec>AdipoRi/R2^^{*. jfii 

^y0^t;i$ttfCo -r>';^y^®^'l4^IlM»M^(D?^?^^L-C. AdipoRl/R2T=^^;^h<D 
^tsth-r, A^poRl/R2^M^'^^mV^7!)^^mX^^^t7!)^1^ibX^^fh±o irfjtib 

:^mm\^AdipoR\/R2(DumKi:.^mmm^mmKm\^. tib 

K^-rmmx^^o 

(2) FoxoIi5^>'^^i5^ff^^c{*FoxoIite^^^^^^^^LT-^Wi-§T7'V;!K;^i5^^>' 

(3) FoxoIi5^^/^i5'«^fc{iFoxoIite^^^^fife^^LT-^#-r§'l'^^y ^^^^tt 
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(6)Foxoi^:y^<^Mi^til'iFoxomm^^^^^^t\^X^^ir^W}mmitm<D^ 

(8) PI3dr-:h— g-Akt^jJ&iaW^J^S^ PIS (Phosphoinositide 2,)^^—MWUMX^^ 

(9) PI3(Phosphoinositide 3)=ar'^— e'PI.W^J;05LY294OO2-e$>^. _hfB (8) |E^(DT 

(10) _hlB (7) t^h±M (9) (DV ^-f tL;0^i;i|B^(DT7^V*°^^^v§:^#:^m«^J 

(1 1) _hiE (7) ;?)^^>_hiE (9) (Dv '^'rfht^z.mm(DTf>(^:^^^>'^m-Pfmm^mm 

(12) _h|B (7) i>^h±M (9) <DV ^-rti.;5^t;i|B«(DT7^V)!K^iJ^^^^^#:^m<JEjt^J 

(13) _b|E (7) d^fe_h|E (9) OV ^'rt^.;?)^{c:iEm(DT7^V:^<;^:^^^^^^#:|§m^JE^t^J 

(14) _htB (7) f)^h±M (9) <DV ^-f ;h.;e)^f;ifB«(DTT'^^^^^^§:^#:^m«^J 

^^^m^tvx^^'r^mmmitm(D^V5i^timhmm. 

(16) i^^i^K^PISdr-^— if *D J; tJ«PI3^-:h-if -XM^^ts . 

{iDwmim.^M^m^xj-Foxoihmfk^^'^'XM^ts. r^r^^^^^^i^^mi^ 
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[0014] mmdipoRi/Rmm^mm.^(D^mmm(Dmm^^irmx:h^o Mmmmik. 
m^. n-mikvtur-^^:^(Dm(A,B) . 'W^m (a,b) (^^AdipoRi (a.o ^xxi 

AdipoR2(B,D)^^W^/k. jklSi//V=i— ;^(E), shL^-^>'^])XF)^it^VtCo =^^^h 
/KD^^i^/V— >^ (ad lib) « g S Jc|?^^-<;5^i!^5-e#fc (U—lyl) „ i^c^i/ 
/V— r (fested) {*48NFr^^*;?)^^|5ii^$^Xfc (l^— >'2) <, S^^^i^W— :/ (refed) 

RNA^TRIzol^ffiV>-C_hfB|M.^;0^^)p^LfCo AdipoRs mRNA^if^yT/ViJ'^i^ 
PCR&{clj:o-rff ofco fe5'hi::/n— ^'{i. Experimental Procedures {ilit 

^^tif^tmxh^o ^AdipoRs m'^m(Dmi<mt^T^^:ym^m(DmKM\^ 

ik^^^:^y^(A). jfiLlS^VV^— ^(B). AdipoRl (C)*d j;t/AdipoR2 (D) mRNA^^ 
irmXh^o h— ^/VRNA(D|S^:ioJ;U^^AdipoRs mRNA(D^*^|E|ltCtB^Lfc(D^ 

mmKmrnvtio i^^\^mTZ'^^y^'W^m^<DAdipoRm(Dittvxm\^tio 

— {*^:^f|i±^2i^^(n=3) (*,P< 0.05,**,P< 0.01;^:x>^y ^^Mffl4ffib©STZ-x'!^7 

[El3]LY294002^fcf*PD98059#?iT^/cf*^#liT(C,D)-e-r^dr:=.^— hbfc-r 
>-;??.y^^M3S^fc}*#MS^^ftfc. fe§V>{*LacZ^fc{*Foxol (E,F)^'^tfT-7'Vl> 
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^/V>^-eh^^^:7cn^h$tLfc-^e7;^|f JWJi^ (A.B) '^fci^C2C12mMMC-F)^<D 
AdipoRl (A,C,E)*5j;rj?AdipoR2 (B.D.F) mRNAM^^irm'Ch^o 
FPUBJlS^r^ilb. Experimental Procedures|E^(Dt*D«9^^=¥:=.^— bbfCo ^(D^. 

^/VRNAO|^^i:AdipoRs mRNA(^^*^|E|l|B^(D;^ife^[R|#tib-Ctto^Co 

sp^^ (n=3) (*,p<o.o5,**,p<o.oimm^Mm^t(Ditm)^miro 

m4:m^m (cstbl/g) :JoJ;i;^^ oh/oh'^^^<D^fm. edu wat, ^i;^^ 

BATtC:j3tt§AdipoRl (A)*5j:t;?AdipoR2 (B) mRNA^Ii.. jfiLlRi^VV^i— (C) 

. jfiLlt'l'>'>^y^ (D)^^i-|E|-efe6o ^/VRNA(D|iM*5j;t)«AdipoRs mRNAOS 
»{*ElllB«(Oi!:Jo«9fTorco M:^f*l?^M-^'>>^lflljifti(DAdipoRHii[f;i^i-SJti! 
b-C^bf'o ^^<—lt^i^iW.±mmmm (n=3) (*,P<0.05,**,P<0.01;lff^M*5i 

[|l|5]ie^^M(C57BL/6) ob/ob-^!j7>!;l;i:}3ftS#*§-^JI^lif5>'^<^globular 
(gAd) (A)*fc{*^ftTy^V:!K^i^^>' (Ad) (B)(D^^^Xt^'W^m^<DTy^^:^^^ 
^^^{Jli^AMPK^Stt^b (C,D)^^i-|E|-efeSo #^M(C57BL/6) *fc{* ob/ob'^'i^ 
;:^{^*5it5#l&«5il^W^-^(^gAd*fc}iAd(D*g'a't;ioV^T;^dr^5.^^— K:7°n5/ 
^^ff^^i-(A.B)o y^'^^k^tl./cR^^MCCSTBL/e) SoJ;!)? ob/ob-^-^J^ajfe-S-^S-^ 
AMPK (C)<D a ^ ^MT'r^^:^^^^ (Ad, 50 g body weight)^fc 

iimm(^^M^5l^m^i1rX\ ^pAMPK^^AMPK^ffl V ^T/ri^y:/^5/^^^lf 

^tf ofco pAMPK»{*lllW>-://vd^^><DAMPK»(;iJ;o-c^2p^bbfCo W^it.m 

(n=5-7) (*,P<0.05,**,P<0.01;l?^M-^'>:^i:<Dit|5e)^^t"o 

'^-yi:f^/vmm<D?i>'^<—x:h^Foxoi i^mf^^m) <D^mmm.^K 4>':^v>kx 
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^T7^v^^>^^>^S:^#: (AdipoRi/R2) mm.^m^i&mir^^t^mmvfco 

[0016] Foxoi^^^-?i?®*Dj;u?Foxoijte^^{*. mM^Km^<D:)jmKXoX . MMir^^ 

^mm^^. ^rmm. mmm^^hmmi^tcmRNA^mmtvxcDNA^^yvv-^m 

:^^Vi^:ftVX^^4y'Vy4'^—y3>^n^\ Foxol cDNA^P^-r5ri!/55-e#6 

^ti:mm.^^^-KmAu m^mmcmAL-xmm^^xmmir^^tKx^. n 

[0017] m^'^^^—m^. @ m\^:h^^xm^ir^^t^^x^. mmmm^. mmms^ 

iy^(D^^^hmi^ir^^tii^x^^o ^fc. mmm^^tvxit^ ±mm. ^mm. wc 
mmti:t^^m^ir^^t^'^x^. Mmmm^xhti\t. mm. ^^m. m^mmm 
mm^m^^^^t^^x^^o 
[0018] Mx.it. ±mm^'^±tir^m^i'i. pET. pPRo. pBADm(D-<^^—^m^ir^ 

tL.X^M^^^^^^-~^m^]^X-h^<. GST (glutathione S-transferase) 
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Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys) t(Dm^i^>^<i^Mt\^X^^^'\t^pFLAG 
(i, pUBllO, pAMa 1^, McBM^^^tir^m-^<D^^^—(DMtL-X. pIJ702^ 

mif^^tf)^x^^o ^m(Dm^n. yes2. pEscfj:}f(D^^^—^m^ir^^t7i)^x 

-etSo ^%m!^m!&^\H(D^<^:n.ti^4/^:^^^^—tL-xn. 

pAcCAGMCSl^#tf'5ri:^S-e#;5o 
[0019] m^Kmm.^'^fcFoxol^>^<^Mi^. ^^(Dmmi^X-:>Xmm:'r^^t7!)^X^^o 
GST^His t(Dm^^>^<^MtVXmU^'^tim'^lt. ^fl^fl. ^;V^^:t>W 

6 

[0020] i^fz.±M¥oxo\^>^<^nKm^mm.m^. ¥oxo\^i^^<^ntmm(Dmm^^'r 

TT^^:^^^^^>^^i^mm&mmti.xmmir^^t^>x^^fc^ 

^Mi (KIT. ^Foxoii^>^<^wi^miSJL'r:6i^>^<i^mi)h^^m<DFoxoii^>^<^m 
Foxoi^Mf*^ ^(D^m{.^\\'^\t. ^/v^5/h. -r^. ^=3. i^-^. t^-y>^ 

[0021] ^T. #;fJP. j^^. if A. *fc}*/*3 J;U?gm$^^6T5y^O#:^^ . 

^'tc: AdipoRl t>V^fcfiR2Bgg.iiPfiiiJ ^iSj^^-^^f^ffl ^^i"^ RB<9 . 
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[0022] Foxoi^:y.^<^MKmn'r^^iy^<i^m^. mm^Ktoxm^(D:^mKXoxm 
[0023] ±m::^hv>'i^^>h:^^^4zfv^^'^—iy3>^m^. ^m^xhtm^ m'^misi 

T5:H\ 4XSSC, 50mM Hepes pH7.0, 10 X 7^V/Vkh^?g, 20 ju g/ml^'|4f-^lt^^ 

— ixa^/^ff 5o ■?^co^co^5fe^t{e::i3{t^?5fe^#^?g^3J;WaS^#«^ rixssc, 0.1% 

SDS. ^rcm&X\ J;'9J^UV^^#^bT(*ro.5xSSC. 0.1% SDS, A2°Cm&X\ $t> 

^;IMbv^^#i:b-Cf^ ro.2xSSC, 0.1% sds, e,b°cm&x'MM'r^^tt^x^^o 

^W(D%^^^f:>mWmx^V)^ /N^^'-y^Vif— v/a^cDJXhy^ 

^^-r:/y^^-^-^>'3>'Sj^:^r^^cC^o^3gi:m^'^t)-^^^^i-j:«9. ±Mtnmi 

[0024] ^oj;5^ce^^-f:7'y^Vif— v^3>^S#f^f|JffibT:^il$tL§^y^^w:t^K^5=3w- 
K-rs^y-<:/^Kf*. ill-. ;^^PJ#^>(^j;«9lRlS$tL/c#y-<:/^K^T^y^ia^J 

%j^_h. $^)i;i0^L<f*8O%£;l_h. $^,{;i0^b<{*9O%j^_h. $bt;i0*L<f*ii^jfe 
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^BlUtt^^g-To T^ymmm(Dm—^U. m:^it. Karlin and Altschul lZ.X^T/Udt]) 
Xi^BLAST (Proc. Natl. Acad. Sci. USA 87:2264-2268, 1990. Proc. Natl. Acad. Sci. 
USA 90:5873-5877, 1993)iZX^X^^ir^^tii^'^^^o ^(DT/V=fV:^J>>KM^V^ 

BLASTX^P^f^tvS:/ni/^^/5S||^$tl.-CV^S(Altschul et al. J. Mol. 
Biol.215:403-410, 1990)o BLASTXKX<iXT^ymMn^M^ir^M^ia~i. ^"^^^ 
—^—i-ttltX-it score = 50, wordlength = Stir^^ BLAST^Gapped BLAST:/^^^ 

[0025] ±^(DXoi^VXmMLf^^V^y^}^^^^. 4>'::^V>i^X^AdipoRmXW^fz.n 
m^^^. m^fkW^^>:^\)>^mi.fzM. ^?teJ}a^5^ft'OAdipoRl/R2(DmRNA^ 

m*^Ba^j#-^io, 1 1 , 13, i4(;iiE«(DBa^j;5^^>7fcs:/7^-^— M V >Ta!i^-r ^ii! 

Ki:JO. AdipoRl*Dj;tJ?/^fc?*R2(D^mfJe3tf^ffl^lim-rsri!;6S-e^;5„ Tf/^ 

'f^'^^^^:^^mw-w^\Simm}i\yx:m\^^^tt^x^^o \^^\ >tfoxoi 

fc{*5|E«<Z)ife^iS?iJ(C,PCR(Cj;;5^M^A&^;(;-fe5/h^M&^cC^(D^||#tC 

[0027] ±M^^m<D¥oxomB^\±. \ivm\^^\^^xm.m^f^m\^xy)¥oxo\^:y^<^n^ 
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[0028] WzJfmm^. PI3=3e-^— e-FoxolSj^PJ.§^J^-^tf. T7^V>^^^^^S:^#:^ 

-Foxol^^mWM(^—Mtl.X. PIS^-:^— ifP_M.i§^J-Cfe;5LY294002 (CAS No.: 
[154447-36-6], 2-(4-morpholinyl)-8-phenyl-4H-l-benzopyran-4-one) ^ U/Ph"^^ 
^'(wortmaninn, CAS No.: [19545-26-7]) ^#ff6^^d5-e#. ^^LV^-^JirLTf*. 
LY294002^#tf^ri!d5-e#;5^5. ^inhicm^^in^^tl-ifi:\\ Pl3^^—^m\^ 

o ^fc. Akt^tiPl^i^W. Foxoiy^^{l::PS.§i^®t>. PlSde-^— e-FoxoI^S&fC*5 

mmMmt^^x^^mm(OTf>(^^^^>'^m-Pfmm^mmtfi:^o 

^^ffi^tt3Sc#^j. ^>:^v>^^\^^mmt\.xmmir^^t^^x^^o 

h.}i^\z.^mmmz.n^^^mi^m'^m\^x,-^xymmm\:.^n^^ 

[0030] T^^^COFoxoIiJ^://^^®. FoxolM'S^. PI3dr^— if -Akt^S&Pl$^J^^^Ji:L 

^^e^tufi, mmi^^^m^M.-^^ mmm. 7<mn. mmm. wmm'm\ 
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y >-(7)cDNABa^j^Ba^j#-^9 {^^-To 

@e<j(0^^>?.y>'^^^-^i^®^ISMi-6ri!;e)5-e#6o 



[0033] _hlB-r^>^y^^>-^-^i5'®}*. T7^V)e<^^^^§:^#:^^mt-^ilfflaSt-^M$-li:§ 
[0034] ^iy:^ViymB^^^^:^m(DmmKmX'rfiU. r^V^^iJ^^^^^^^: 
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[0035] ^hK^mmn. mmmw^pis^^—^^xxiPiz^^—'^mMtmm^'^^i: 

[0036] ^mm<D:^^(Dm—<7)M^t\^X. mM^tlfcPl3^i-—'\i^m^ ^fcin vitro(D5^^ 

mif^^ti^i^x^^o ±mm^^^^xit. mmmM^pis^-r—^^xxj^pis^^—^ 
mMtmm^^^rMimt.w.m<^M^tEr(DPis^i—'^mi^^^mir^rM 
.m^!^m^^r(DPiz^^—^mi^tw^mM^^^rKisn^pi3^^-^^^ 
\±t^itm^. m^mMW^T<DPi3^'f—^^m^^w^T(D(DPi3^'r—^m 

. pi(4,5)p ^s®^bTPi(3,4,5)p ^m^-r^Rm^mmir^o ±mKft^(Dmm'i. 

2 3 

:7^Kx<^x^m'^mu mmmm^^rt^^^r(Dmi^^itmi^xmw.mm 

M(DPi3^^-^^^mmmmir^^t^^^x^^o *fc. t^m^^«#ftT^-*5v^T 

PlS^-r—^^mMtRft^^^, 0^$tl.fcPI(3,4,5)P ^ELISA&-eS!J^b-Ct>^V>o 

3 

^(D:!^^^. rfT|g(DELISAfe}c:J;§PI3^^— e'a"JSffl=3e5,b(pi3-Kinase ELISA Kit, 
Echelon Biosciences, Inc) ^fflV^t^^f^, M^i^^^^thX'^^o ^tl. FRET( 
fluorescence resonance energy transfer) COW.M.^f^F^l^tcPlS^'^- — ^fT^yil-^ (PI 
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Profiler ™, UPSTATE i± ) iZ-X-oXm^ir^b^thX-^^o 

[0037] •^ti^mM<D:)7m(Dm~<Dmmt\.x^ pm^-i—^^mm.ir^Mm^mmmmt 

—^mM^i^m^^^iiU^^t^m^mif^^t7!)^x^^o ^<Dmiz^^^xi~i. mm 
s^iHK^^^x^m<^MtPi3^^—^^mm^^^rMKm^. mmm^K^if^ 
pi(3,4,5)p mm-r^JM. ^miii^M^^riz^mpi(3A,5)p mmmmmmm 

3 3 

3 

:^^m^m^\zmmm^m^miR-r^jm^m^t7i>^x^^o pi(3,4.5)p <Dmmi^ 

3 

PI(3.4,5)P ^mMir^^tH^X^^o 

3 

[0038] :$:mm<D^mic^if^mmmMt\^x^ mm. ^>^^<^m. 

m^(Dmnx^<>xhi:^ \ :^mm(DijmKi:.^x::^'^v—=^i^'^-^fhfdmkmm'^ 
p\z^'r—^mmY^m^mM^xT^>('^:^^'f-iy^mw-mm:m&'r^h^^hfi. 

umcmnk mmm^mnk mmm^mm. mmmim.^mmti.xmm'^mx 

[0039] -^fzj^^mn. Akt:j3J;TJ?FoxoIi!^gtt$^ir6X@^tf . T'r^'^^^^^^^mW- 
X*).4l^:^])>^\tFoxol(D^mi^^t^^L-XAdipoRlXR2^m.^mWi-^^ti:)^^^ 

^mmi^. — AdipoRixR2(D:fti^—^—^mizi^Foxoitw^'^mt^iy:^^^ 
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[0040] :$:^m(D:^mi-t. m—(Dmmt\^X^ mm^tlfcAkt^XXfFoxol^m\^^fcin vitro 

FoxoMMmt^itmu mm<i^M^^r<D]}:ym^tFoxom'&m^4¥^^r(Dm 

Phospho-FKHR(Ser256) Antibody, Phospho-FKHR(Thr24) /FKHRl(Thr32) 
Antibody (V ^-f ttt>Cell Signaling|±) fi:if (D'^M^nti^'h^o 

>'^^^:FoxoI^l'J^f^i!Mi^i^a##^^T^-*5^t6y>'^^kFoxoI^l'J^f^^^lt^L. 

«i^^^®#^^T<^yv^^bFoxoIa!IS^ii;?»s#;^^^^T<^^ttJ;•9^.^Sv^#^^;l^«®^ 

[0042] ^mm(Dijm\^^mmmm'M.h\.x^ imk. ^^^^<i^m. #y-<^^K. -^^is^^ 

m^(Di^Mxh-oxhx^\ :^mm(D:ifmi^x-ox:^^u—^i^^^^nfc^Mi^. 
::^])>icx^Foxoi:^^mt^mmir^im^mu '^^m^r^^^^^^i^^m 

i^^mm. -r^-^^y^^ffi^ttosc^^j. jiE«5E3fic#^j. mmmmmm. mmmihmm 

mmti^xmm -^mx^h^o 
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[0043] }^r. ^mm^mmMi^m-^^x'oMcW-mimmir^o h<^th. ^mmi^rmm 

(##fF:Scm6,l0,l4,l9) ^(Dm^^^^hA^l^fCo 

mrxmm^M^^^^^mhif)^^ir:6fti^. mmm(D^mr. m^r^^mm 

[0045] 15MI^C)t|C)C57BL/6-e!>;^^Charles River Breeding Laboratories (Washington, 
fco Bti^^i^/^(D^*^9 (9:00p.m.) ;5^^>48^r^. ±mmm^^mii^h^^m. i^fcl^ 
mmm<DtM^nmik^^h6mmm^m^^^tlo Ikmt^ J!gJKll52g(Benibana, 

0 i^:7^r7-?ft m:tu-(>mi^-(:f) . mmmm^46%:tu-(i^ma8 in-9) . 

45%yyi/>'^(18:2n-6'^^));?7-^V>'1191.6g(:^y3i^^/V^^, MM. 
No.19), ;x633.6g(:^y3z^i5'/V^#, 0^. No.l3) , ?M'^t-^^^^^50.4 

No.20(AIN76)), -fe/Vn— ;:^i^5^201.6g(:^y:3^>^^7V^#, No.l9) , DL-p«^:^^;>^ 
18g (fP3feM^^ 0 ^) > 7K360ml ; ^»3600g(Di^J!gE&^^-^X.fc (:i:mi9) o 

[0046] AdipoS^#:mRNA^^Si-5/cJi^. ])T/V^4J>^PCRm^MM]^fc{Jcm4) ^ h— 
^/UENAit. TRIzol(GIBCO/BRL)^fflV^, m^M^(Dm^mK^^XmS^~^tci^m 

m^hmw^tio #AdipoRfe^i^cD>fB^»{i, m\:^DNA^<DT^^>m^mMK 

MVxmm^tl.± (:4:mi4) „ _hfES»{;iffl v ^fc:7^^-r-^— fe5/h*3 J:tJ?:7'n-:7'^. 

mAdipoRlffi 



mm 
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:7;i-I7— Kv^'^-f : acgttggagagtcatcccgtat (la^UH-^lO) 
V^^—y^-^^^-^—: ctctgtgtggatgcggaagat (ga^J#-^ll) 
!7"t3' — cctgctacatggccacagaccacct (SB^J#="^12) 

mAdipoR2ffl 

v';*-r7— Ky^^-f-^— : tcccaggaagatgaagggtttat (@B^IJS^13) 
y^"?— : ttccattcgttcgatagcatga (ia^J#-^14) 
y^V' — "^f: atgtccccgctcctacaggccc (Ba^Jli^"^15) 

[0047] |f||i^^5o(t§AdipoRl^oJ;U^^AdipoR2(DmRNA^^i.^*^ ^8mf^(DBlkW^m^K 

lA,lB)o 'W^Mi^^^^Xhmm^. miki3XX^nWklki^^^AdipoE2 mRNAOl&m 

[0048] (^Jfe^!j2) jfiL#^>^:^y VW-</k^AdipoRl/R2it'fe^(7)^Ji,l/^/k^cDi^tSSIM# 

JilSllife^!li-^^^:^^3j;tJ?|&||{;iHJ^;b-CAdipoRi/R2»^^^^m;0^f^J#$tv^ 

[0049] ^affl«9 iC. miki^ihLm-0:^V>-i^^/V:^WP^'^miF) . jfiL^:^/V=i 

yWtfJ*AdipoRi/R2it'f5^(D^Ji,i^ii^(DtsMiM#/5sS)§^^^^p^b. -r^^;^yv 

;0SAdipoRl/R2^m^=3^hciw-7v^5^-B]'|g-|4^^^-^;5^ 

[0050] (^Jfe^[l3) AdipoRl/R2^^<DSTZ^il};iJ:^ii3li*D J; W^'^y ^^J- 

AdipoRl/R2^^{cl^i-§^:/>?>y>'(D^M^$^{c:;^fti-:5fcJ?). streptozotocin 

(STZ)^a^-^'>:^t^itL. f^-^'^;^iC*5ft5AdipoRl/R2^m^M^bfCo STZ}^, # 

STZ(200mg/kg body weight) ^'^tP50mM^3^>'^-^hy 1^7 A^?g(pH4.5) 0.2-0.3ml 
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Lilly, Indianapolis, lN)^^m^^7i<.0.2mlKWMl^. STZ^XW^^^Vl^fi&Mm^ 

[0051] STzmMl^skm4:y:^Vi^^mm^'^(m2A) , I^NFl-JfiLigliJ^/i^^i— ;^cD^bv >li;(jp 

[0052] ^tC. #^|®:f5j;U^^|f)littmi^ft'<50AdipoRl:JoJ;i;«R20mRNA»^il!j^L/Co 
AdipoRl*5J;U?AdipoR2<DmRNA{*. ^tl^tll03%t38%(DmM^^Vfc^^ (El 

2C,2D) , ^:/;^y^^S{iJ;«9^^^^^tc[iimb/'o ^tt^(^^Bf*^ 'i'^;^y^;55 

AdipoRl/R2 mRNAU^/V^Wf^'^1^^^^^ir^h(D-Vh^o STZ^Sf^lf I^O 

AdipoRl/R2 mRNAi/^7Vl;i{*^ifj^#^^x.7fc;?)^ofc^5^ 4>:^V^^\-iSTzm 
a-^'^^^lf Sift' coAdipoRl/R2V^/v^^b<|^ii?$-l3:fc (■7''— i5^*$-f ) o ^;^t^(D 
f—^i-i. 2^^5!m;^|SAdipoRl/R2 mRNAl/'</V^M^^$it§ Rrt^tt^Sfe§^(Z)^M.^( 
Tsuchida, Yamauchi, Kadowaki, m^^^M^) . STZmMi-iSfm^l^M^W^l^^^ 

[0053] (||Ji^J4)^>'>^y^^};iJ;5in vitro AdipoRl/R2 mRNAU^/U(DWP 

20) o 0.8xlO^(D— ^»(D^Jia^, =27— yM-e=i— hLfcl2:A:<DM_h(D, 5%(v/v) i> 
iXH^J^^jfe^, 10nM7'>i^^^5^'y:/, InU^l^y^V:^. lOOunits/ml^^i/y^^, 100 ju 

g/mly^h^y"h'^-fi^>'^l^M\^fcWmiamsf^mE^\Z.U^^fCo 5%CO . 37°C-C50#rBl 

2 

fcWilliamsJ§JfiE-e6^ra-l'>'=¥^-<— hbfCo ^JiS^l o/o-J^ v'jfiL^T/V>^'5>'*3 j; tJ? 
100nM^^;^y:/^?^;(jPLfcWilliamsJ^:ffiE(c:#L. 100nM^:/;^y^'#^^T*fc^*# 
#liT-e6^r^J:§#bfCo IflfflJSa^lHlllXb. h— i57/kAdipoRl,R2 mRNA*^SlJ^Lfc 
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o ^<D'^^. -f>-^y>'{*AdipoRl/R2 raRNA^A^^^ii'^$-li:/c(ll|3A,3B)o 
[0054] -f>->?>!;^^l;ij;^AdipoRl/R2 mRNAA(DWP(D-^1l^i±K^^^X:^hK^^ti)^. in 
vitrol;i*5V^T. ^>'>^y>'/05C2C12^}MJiatt'(^AdipoRl/R2 mRNA^^*(^-^X.^J^ 

m (DMEMH;90%) /10%(v/v)FBS-ei##b, MiSl^^^80%=i>y/V:j^l^hK^i:<ifct^K 

i&ikm^^tmm(98%DMEMH/2.5%(v/v)^^ikm) Km^mx.^ mm^m e 

AdipoRl/R2;&S^^i^Lfc (|E|3C,3D) „ 
[0055] (||Jg^J5)^>^><.y:^f;iJ;^AdipoRl/R2 mRNAM^i^{^>i!<J'i~'5phosphoinsitide 3- 
kinase (PIS-kinaseKi^tlf ^5^— iS^JflffjIJ 
C2C12*fflia^l%!>iXife?tT/V7'5:^^;!)nDMEMH-ei2NFr^-r^=¥::=^^— hb. 
^^^;(lP30^ttfl-*fflJ!S^^>':^y >''fe]^^{?&P-M-*^J (10 n M LY294002^fcf*10 

M PD98059) Kmi^tio 4^^:^vi^mM6mmm^M^\n\uu mM6mm^(D 

C2C12M*fflJ!^ft'AdipoRl/R2 mRNAl/^/V^|l!j^Lfc(El3C,3D)o PI3-dr-^— if-Y>^ 
tlf ^57— (DLY294002(i, ^:/;^y^t;iJ;§AdipoRl/R2 mRNAW^/VM6U"^;^^l|!S?^ 
LLfCo itf^. mitogen-activated protein=3e^— ^'^t^^kO^^/fclf^— -CfeS 
PD98059^^^)«. 4>><^V:yX^Rftsi'i^Mmcmm^^nti:^^-:>f'o -hlBJ^m^^fe. 

AdipoRl/R2itf5^^^c7)M^fi-f>^^y^v'i^'^/H5it^{^<^PI3-=¥^— if^^ll^ 

[0056] 4>:^VXD^^<Di'^m(D^<li, ^T-e{^/^V^^^L^. lRS-l:|oJ;mRS-2(Z)^>^;^ 

y^^^#:|@-^^av/^-y^^>fb(^eHb. r<^y^^^^b{*. pis-^^—^/Akm^ 

AdipoRl/R2at'e^^^^t;i>i;^i-§-l'^;^y:/^;^^SMEK-Y:xfclf^— -efc6PD98059 
tc:cJ;o-C(i^,Jf:^#^^ft^«e;6^ofc^^;5^b. mitogen-activated protein kinase 
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[0057] (^Ji^!j6) Foxol {;i j;§AdipoRl/R2 mRNAU^/Vi^^t4>y^]} ^^^AdipoRl/Rw 

ttinsulin-like growth-factor binding protein (IGF-BPl)it'f^^(7)$lJ#t;iffi^LTV^ 
^t^K.hthX\^^ (JCm29)o PI3-dr-^— if(DT^3^:7aii^^— -efc;5Akt;5S. 

[0058] — AdipoRl/R2ate^t>*fc. ^ iz.Foxolt'^^'^m^j:^^:^^^^^ 

U^>h^AyXV^^o -r>-;^y>"6^#tt<DAdipoRl/R23te^^^J{*. il^/^<^^>$P5> 

mia^.pi3-^^—^/Akt-i^^v:ym^[:.^xx^y:t—^-^^y}'^hy:yy^^ 

^mmtKm^i^x\^^t^x.hti^(^m2i. 22)0 -^^-e. Foxoi<D^m;6M^;^y 

>"6fe#'l4(DAdipoRl/R2ite^iJpaiJfC^X.^^#^li^LfCo 

FOXOl cDNA^D j:-a?^^^'|4SF0X01 (T24A/S253D/S316A(ADA))cDNA(:5:i^ 

21,22) ^tfT7^V'>^/v;^Mv>. j^ttf{-IB^bfc;^ife(^mio) l;i^^Qfic^^;tin 

[0059] FoxoKD^^^ttS (Foxol-ADA) , AdipoRl/R2 mRNAU^/P(DmW£ 

-h#^5l#fcUfCo -r^^^^y^f*. Foxol(D_h|E^;^^Mi-^i!{*-e#^^;6^ofc(lll 
3E,3F)o FoxolfiAdipoRl/R2(D^Jg.W^7k^ii5^b. -f^'^^y^'f* 
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[0060] mmm?) ob/ob-^'?>^(;i:j3tt^AdipoRl/R2^^1/^/VT;^^J# 

>^iS^ttia^(C*Dit6AclipoRl*Dj;t/R2(D^Ji,^^f^L/Co ob/ob-^T^;^}*, u:7°^ 

|ll4A:Joj;mBt^^i-o =i>h^-~/^(DC57BL/6'^^:^Xl^. AdipoRU^#|g-^f^*D 
V ^T^tiMSi^^mb-CV ^/c(Dt^>^b. AdipoR2{i|f flitcjoV ^xM:h^<^m^tio 

m^m^^^tic. AdipoRi*5j;u?R2*j;i. ^9^m^^hBDu<zm^xx^^<^m.ut 

o -^fc. WATtBAT(DmJ7(DmSMBMK^^^X. AdipoRltR2<DmJf(D^^^^W.^ 

[0061] ob/ob-^'>;^<DAdipoRl*Dj;U?R2(^^^f*#tC, |f)li^^<M^#-M-/^(-*5V^-C. 
C57BL/6-^!5';:^j:i9^>^L<^ii^b-CV>fc(|l|4A,4B)o ob/ob-^i^J^^SjfecDlf |i, 

EDL, WAT, BAT(;i*D}t^AdipoRl(D^^{*, ^tl^fim^M-^^^^CDldAX, 
54.5%, 50.5%, 31.9%, 28.1%-CS>ofc(El4A)o oh/oh-^^:^^M(D^fm. t^^^, EDL 
, WAT, BATt;i:}oJt§AdipoR2(D^Jif*> ■^tl.-^^tl.^^^M^I^^^^icDeS.S^/o, 51.4%, 
59.5%, 7.9%, 29.4%-efeofc(|l|4B)o 

mMm8)oh/oh-r^y^iCi3J,1r^AdipoRl/R2^m.^^/l-WJ^t"T'f^:^^^^l^m 
[0062] AdipoRl/R2(Z)^mi/^/^^#j|M.i^i-*5it^T-7'V^^i^^^3{jm^/55MaSbTV 

-^'>;^(ob/ob-^'>X)*5j;OT^M-^^;^(C57BL/6-^'i7^) ^^ov^-c. 

[0063] 'fi'+g-^il^5>Pit;i«t-a'i-6T^V:!K^:^^:/»{*. SlT(DX^iC\^XMmtio 

mmx.-^'^^^*T7^V4<^^^^ (Ad) ^fife(DtE«ctCLfc;6So-C|«Mbfc (JCfife 
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10,14)o '^^T'T'V^^iJ^^^fiNa I(2,000Ci/m mol, Amersham Pharmacia 
Biotech)#?^T'eiODO-f—X (Pierce) MV^, MT^M^<D^^h=^—M^%<>X^ 

^tlfz.m&(D ['''0 T^V*°^>^^^ (2,000cpm/ng protein) tmMm(Dm-^^W^^ 

2m^M(D4¥wm(DTy'^^:^<:7^>^m\^xi^'mjt.o v—^jv(d 

[0064] Tf^^:^^^^iy\z.i:^AUPK^mt\^. (D i^oKl^XM'MV.f'o isMf^tS 

T^#IR^i^bT_h|S^mx.T7'V^^i^^^^(#:miOgfcfct950/i g)^^-^bfCo T 

^^>3i^i$r>.:7-n^;/h0;tlff^ j;(9^^Lfc (^i^lO, 14) „ 
[0065] mmm^^^t\z.^ TT^^^:^^^^^\ioh/oh'^^:^i:y)^W^m'^^:^(D-W^m(r)m 
^mK^\^Xi:^mm^^^\^f^m^h,bB)o:^^^y^^—V-:fxi^yhm^^^ 
globularT7'V>!K^i^^^^53J;tJ?^*T7'VjK^i^^>'(;i^i-6ii50^PttM'^m5A^ 

mm^^-^^mt-cDmiom^. oh/oh^'^::^(D-w^W3x\m^m.-^^:^-wmt):t 

m^X'pf^<f^<iX\ ^^^ti)^mht^ZLfi:V)^ AdipoRlMdipoR2(Z)M;^(^^;6Sj)^^b 

:^(D'n^m^xn.AUF¥Jkmmtx^fz.t)^. —ij. oh/oh'^^:^(D'W^m^xu 

AMPK^?gti^t:'e#^^;0^ofc(El5C,5D)o ^flh(D^m^. AdipoRl/R2^J|.V^/V 
;eiS"T7^V)^^^i^^^i^Stt''^iq^{m^T7^V^^i^^^(-J;SAMPK?Stt>fb^T7^V 
jK;^i5^^^<D5^^^^J|^ LTV >§^^^^l^i-§o 
[0066] _b^(Di!:^3^9oV^^;I;$:^0J#bf^. J3E«P5*-r^;^y^©^tt^^>VT*fc6ob/ob 
's'^^>^^C:}oV^-CAdipoRl/R2(D^^a^5T;^^l^!J#$tLTV^§^^^^^LfCo ^tL^TiC 
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l^miK^^m^hKX<>Xm^^tlti. siRNA(c:J:;5AdipoRl*fcf*AdipoR2(D^m 

)o -^'^7^^-X/Vf^*5(t§AdipoRl^fcttAdipoR2(Z)^||.i)^6l'"^Mn 
[0067] m^m£m^-^^tliCX^4lyy^V:^±m^. 1^^tl.XAdipoRl/R2^m.(DWPi^ 

^^l^^^irt m-i^fh^o AdipoRl/R2 mRNA(Dm'Piir'f^yi<^-^^>'^^(DU 

[0068] Wmtl^X^ ^>^V:ym^^M,X<DAdipoR\/R2mmt. isLm^>:^V:y\y^7Vtm 

(D-T^— . AdipoRl/R2T^'c:^:^h/£{t"e}*/^<AdipoRl/R2^Jt;(]P$-^§lfe|ll& 
[0069] ;$:^0J(DT^V7K^^^^S^#:^Jg.fMjt^Jf^. T^^V^^^^^^iS^'l^^-r^;^ 
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[4] Foxoli5^>'^-^^«*fcfiFoxolit^S^^W^^^^LT^Wi-5r?i^mi^E5*fc{iafe 

[5] FoxoIi5^^^-^i^«*fc{*FoxoIjt^^^W^^^^LT'^Wi-6«t^#!^|?;&^fc{*m 

[7] PI3=ar-^— ^-FoxolSS&Pl^^J^'^tf , Ty^V^^K^iJ^^^^^^^rl^m^Mit^Jo 

[8] PI3=ar-t— ^- FoxoI^jJ&PlW^J^S ^ Pi3 (Phosphoinositide 3) ^i—'^mWM'^^^ 

[9] PI3 (Phosphoinositide 3) ^^T—^^K^M ;5SLY294002-efc§ , ft ^IS8f B^<DT-7'V 

[10] mMm*^hmMm9(D\ ^'rti^^i^mm.(DT'r^:^:^^^iy^mi^mm&mm^^ 

[11] ft ^^7;o^btt^^9(Dv ^'rti^^z.mm(Dry'^^^^^^>^mi^mmi&mM^^ 

[15] 4>^^v>-^fcit4>^v>'m'^^^^ts'. T^f^Tf-^^^^iy^m-w-mmmmMo 
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[16] mm<>^M^pi3^'i-—^^xmi3^^—ifmMti^m^^^j:n^^t^. r^v^ 
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